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Abstract 
The thermal characteristic stability of myristic acid/palmitic acid/sodium laurate (MA/PA/SL) eutectic mixtures have 
been measured by a thermal cycling test. The phase change temperature and heat storage capacity of each eutectic 
were evaluated by differential scanning calorimetric (DSC) after 300, 700, and 1000 thermal cycles. The thermal 
properties of the MA/PA/SL eutectic mixture shows only a minor changes on melting temperature (Tm) and latent 
heat of fusion (∆Hf) after 300, 700, and 1000 thermal cycles. The chemical structure of MA/PA/SL shows no 
degradation after 1000 melting/cooling cycles as well as MA/PA/SL has a better thermal performance during heating 
and cooling process. Therefore, it is noted that the MA/PA/SL eutectic mixture is applicable for long term use as a 
phase change material in thermal energy storage (TES) applications. 
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1. Introduction 
Much research has been done to determine the thermal characteristics of latent heat thermal energy 
storage materials [1-5]. Latent heat thermal energy storage materials or Phase Change Materials (PCMs) 
are commonly divided in two categories which are organic and inorganic. Organic PCMs have advantages 
over inorganic PCMs due to chemical and thermal stability, low undercooling, and no corrosiveness in 
compatibility with other materials [2]. Fatty acids are promising organic PCMs as they have a wide 
suitable phase transition temperature, high latent heat capacity, are non-toxic, have low undercooling, are 
not corrosive, have low volume change, and good thermal reliability when used for a large number of 
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thermal cycles. Besides, fatty acid can be mixed in order to obtain a material with new thermal properties 
which is called eutectic or poly mixture phase change material [3, 4, 6, 7]. 
 
Nomenclature 
Tm melting temperature (oC) 
∆Hf latent heat of fusion (J g-1) 
Wt.% weight percentage 
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A current study on eutectic phase change materials with an added surfactant reported that the surfactant 
was able to adjust the phase transition temperature and the latent heat capacity of the fatty acid eutectic 
mixture to a suitable ranges which is compatible with required specification of thermal energy storage 
(TES) devices [8-10]. The eutectic fatty acid with surfactant addition also has a good thermal reliability 
after a large number of thermal cycles due to its small change of thermal properties and chemical structure 
stability [9, 11]. All of those advantage make that fatty acids with surfactant have better properties than 
other fatty acid eutectics. The thermal reliability of PCM plays an important rule to ensure the long term 
performance of the PCM for utility life and economic feasibility of latent heat thermal energy storage 
(LHTES) devices [12]. 
In this study, we evaluate the thermal reliability, chemical structure stability, and thermal performance 
stability of myristic acid/palmitic acid/sodium laurate (MA/PA/SL) subjected to 0, 300, 700, and 1000 
thermal cycles. 
2. Material and methods 
The eutectic mixture of myristic acid/palmitic acid/sodium laurate (MA/PA/SL) was prepared by 
blending a 70 wt.% MA (Acros Organic) with 30 wt.% PA and adding a 10 wt.% of SL (Sigma Aldrich) 
as surfactant at constant temperature 80oC for 20 minute, this eutectic composition was selected due to its 
better thermal properties than other compositions [8, 10]. The thermal reliability testing of the MA/PA/SL 
eutectic mixture was performed using a fabricated thermal cycling test setup described by Fauzi, et al. 
[11] to evaluate the thermal properties and thermal performance stabilities of MA/PA/SL eutectic mixture 
subjected to  300, 700, and 1000 melting/cooling cycles. The changes of thermal properties of MA/PA/SL 
after 300, 700 and 1000 thermal cycles were measured using a Differential Scanning Calorimeter (DSC, 
Mettler Toledo, DSC1 Stare system) [8]. While the stability of chemical properties (chemical structure) 
between un-cycled MA/PA/SL and MA/PA/SL after 1000 melting/cooling cycles was evaluated using a 
Fourier transform infrared spectroscopy (FT-IR, Bruker IFS 66/S) [11]. 
3. Results and discussion 
3.1. Stability of thermal properties  
The DSC charts result of MA/PA/SL subjected to 0, 300, 700, and 1000 thermal cycles are shown in 
Fig. 1. The melting temperature (Tm) and the latent heat of fusion are obtained from the onset point and 
numerical integration of area peak under of each curve [13]. 
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The thermal properties of MA/PA/SL are shown in Table 1 and indicate that the melting temperature 
and latent heat of fusion of MA/PA/SL display irregular changes with an increasing number of thermal 
cycles.  
Table 1. Thermal properties of MA/PA/SL eutectic mixtures subjected to thermal cycling number 
Eutectic PCM Number of thermal cycling Melting temperature, Tm (oC) Latent heat of fusion, ∆Hf (J. g-1) 
MA/PA+ 10% SL 
0 
300 
700 
1000 
42.00[10] 
46.79 
41.83 
40.78 
174.47[10] 
176.79 
180.91 
175.34 
 
The melting temperature of MA/PA/SL shows an increases to 46.79 oC after 300 thermal cycles, 
furthermore it tends to decrease after 700 and 1000 thermal cycles to below the melting temperature of 
un-cycled MA/PA/SL. The latent heat of fusion of MA/PA/SL shows a trend to increase after 300 and 
700 thermal cycles to 176.79 J.g-1 and 180.91 J.g-1 while after 1000 thermal cycles the latent heat of 
fusion of MA/PA/SL dropped to 175.34 J.g-1 but still above of latent heat of fusion of un-cycled 
MA/PA/SL. The changes of thermal properties of fatty acid eutectic mixtures as PCM after a large 
number of heating/cooling cycles could be caused by changes in the chemical structures of PCM or the 
increasing amount of impurities contents (2-3, wt.%) in the fatty acids used in preparation of the eutectic 
PCM [11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. DSC curve of MA/PA/SL subjected to a different number of thermal cycles 
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Referring to the literature [12, 14-18] it can be noted that the change in melting temperature (Tm) and 
latent heat of fusion (∆Hf) of MA/PA/SL after 1000 thermal cycles are of an acceptable level for uses as 
PCM for LHTES applications such as solar space and solar water heating. 
3.2. Chemical structure stability 
Fig. 2 shows the FT-IR curve of un-cycled MA/PA/SL and MA/PA/SL after 1000 thermal cycles and 
it can be seen that both spectra have all peaks at the same frequencies. This means that the chemical 
structure of MA/PA/SL eutectic mixture underwent no degradation after 1000 melting/cooling cycles. 
The stability of the chemical structure of MA/PA/SL eutectic mixture obtained in this study confirmed 
that the changes of thermal properties of MA/PA/SL eutectic mixture subjected to repeated thermal cycles 
were not caused by degradation of chemical structure these PCM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. FT-IR curve of un-cycled MA/PA/SL and MA/PA/SL after 1000 thermal cycles 
3.3. Thermal performance stability 
The thermal performance stability of MA/PA/SL eutectic mixture subjected to heating and cooling 
processes shown in Figure 3. These results shows the melting and solidification time at the 1 and 1000 
thermal cycles of MA/PA/SL eutectic mixture. 
Fig. 3.a shows that the endothermic time of MA/PA/SL at 1000 thermal cycles was shorter than 
MA/PA/SL at 1 thermal cycles in absorbing the heat and reach the melting point of 42 oC [10] which are 
4.50 min and 6.67 min, respectively. Furthermore, a different way occur during exothermic process as 
shown in Fig. 3.b indicated that exothermic time of MA/PA/SL at 1000 thermal cycles was longer than 
the MA/PA/SL at 1 thermal cycles (4.67 min and 4.33 min) to reach the solidification point of 41.57 oC 
[10].  
These results confirmed that the improvement of thermal conductivity of MA/PA with the addition of 
SL 10 wt% [10] was bring a good heat transfer characteristic and thermal performance stability to the 
eutectic PCM. 
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Fig. 3. Thermal performance stability of MA/PA/SL at 1 and 1000 thermal cycles a) heating process, b) cooling process 
4. Conclusions 
The thermal reliability of testing MA/PA/SL eutectic mixture was performed to evaluate the thermal 
and chemical properties stability after 300, 700, and 1000 thermal cycles. It was shown that the thermal 
properties showed only minor changes with no clear trend up to 1000 thermal cycles. Identification of 
chemical structures showed that the MA/PA/SL has a good chemical stability after 1000 thermal cycles. 
Furthermore, the thermal performance of MA/PA/SL also shows a great improvement with increasing the 
number of thermal cycles. Therefore, it can be concluded that the change of thermal properties, chemical 
stability and thermal performance stability of tested eutectic PCM in this study was acceptable for 
application in LHTES systems. 
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